A CHOLINE deficiency is readily produced in chicks by feeding a diet low in choline or certain choline precursors. The effect of choline deficiency in laying hens, however, is less clear. McCollum et al. (1912) fed a diet containing 70 parts ground polished rice previously extracted with hot alcohol and 30 parts of dried skimmed milk to laying hens and found that more lecithin was present in eggs produced by these hens than had been consumed in the diet. Therefore, these investigators concluded that large amounts of lecithin were synthesized by laying hens. Abbott and DeMasters (1940) , using a diet similar to McCollum's supplemented -with other vitamins, found that addition of choline to this basal diet increased egg production, prevented weight loss, and reduced liver fat.
vitamin B 12 and this resulted in hens laying smaller eggs with reduced concentrations of fat and choline. When B 12 was added to the diet no influence of choline supplementation was observed.
Studies by Lucas et al. (1946) showed that hens fed a diet containing less than 0.03% choline maintained egg production and hatchability nearly as well as hens fed the same diet supplemented with additional choline. Ringrose and Davis (1946) obtained similar results when they fed a semipurified diet low in choline to laying hens. Based on analysis of the diet and the eggs, these workers concluded that hens were able to synthesize a substantial amount of choline even under the conditions of low choline and low methionine intake.
More recent experiments conducted to determine the effects of supplementation of practical diets for laying hens with choline have given conflicting results. Gish et al. (1948) , Skinner et al. (1951) , Johnson (1954) , and Crawford et al. (1967) were unable to improve egg production by supplementing practical diets for laying hens with choline. Balloun (1956) conducted two experiments to determine whether the level of dietary fat influenced the choline requirement of laying hens. His results showed that egg size, egg quality and hatchability of fertile eggs were not affected by fat or choline added to a low choline diet in one experiment, whereas in an additional experiment erratic hatchability of eggs from hens fed the low choline diet was corrected by the addition of choline to the diet. Daghir et al. (1960) reported improved egg production when the choline 2 Supplies the following per kg. of diet: KHCO3, 5 gm.; MgC0 3 , 1.7 gm.; MnS0 4 , 300 mg.; FeSO<-7H 2 0, 300 mg.; ZnO, 100 mg.; CuSO<-5H 2 0, 50 mg.; Na 2 MoCv2H 2 0, 8 mg.; Na 2 Se0 3 , 0.3 mg.
3 For composition, see Crompton and Nesheim (1969) , except that no choline was added to thepremix. 4 For composition, see Nesheim et al. (1967) . 5 For composition, see Nesheim et al. (1962) .
content of a practical-type diet was increased from 400 to 700 mg. per lb. Homes and Kramer (1965) reported that B 12 and choline additions improved egg production of hens fed a corn-soybean meal ration. Small improvements in egg production were obtained by Saloma et al. (1965) when a practical laying diet was supplemented with choline.
Recently Griffith et al. (1969) reported that choline or combinations of choline, B 12 and methionine reduced liver fat levels in hens fed practical-type diets. They also found that choline, B12 or methionine improved egg production when added to a diet low in methionine.
The experiments to be reported here were conducted to determine if choline supplementation of purified and practical diets would improve the performance of laying hens, and to determine the influence of choline supplementation during the rearing period on growth of pullets.
EXPERIMENTAL
White Leghorn chickens were used in all experiments. They were obtained from the Cornell K strain stock or from Kimber or DeKalb commercial strains. During the laying phase of the experiments, hens were kept in individual laying cages and were fed in groups of two or five. Individual egg production records were maintained but feed consumption records were obtained on a group basis. Feed and water were supplied ad libitum. For rearing experiments, pullets were raised either in floor pens with raised wire floors, or in colony cages.
Several basal diets were used in these experiments. The purified diets are shown in Table 1 . The diet used for each individual experiment will be specified under the discussion of that experiment. The practical diets used are shown in Table 2 .
The choline content of eggs was determined by the Reinckate method described by Hack (1947) . Liver lipid analyses were obtained by lyophilizing the fresh livers and extracting the livers with chloroformmethanol (2:1 v./v.). After evaporating the solvent, the weight of the dried chloroform-methanol extract was considered to be liver fat. The data in all experiments were subjected to analysis of variance and where appropriate, Duncan's multiple range test was used to ascertain treatment differences (Federer, 19SS) .
RESULTS
The first two experiments were conducted to determine if the performance of laying hens would be improved by supplementing a purified laying diet with choline. Sixty White Leghorn hens of the Cornell K strain approximately 8 months of age were fed a commercial rearing and laying ration prior to being fed the experimental diets. The hens in this experiment were placed in individual laying cages and fed in groups of two. The hens in cages were randomized, divided into four treatments with 14 or 16 hens per treatment. The hens were fed the basal diet A shown in Table 1 , supplemented with choline, betaine, or a combination of betaine and ethanolamine. The diet contained isolated soybean protein as the source of protein. The level of choline supplementation was chosen to provide the choline normally found in eggs at levels of production and feed consumption anticipated in the experiment. The treatments were chosen to compare a diet low in choline with one adequate in choline and also to test whether any choline response obtained could be due to its function as a methyl donor. For this reason, betaine was added to the diet as a variable. Ethanolamine and betaine supplementation was used as the final treatment. Results of the experiment are shown in Table 3 . The egg production obtained during the experimental period was not particularly good, but there were no differences in egg production that could be ascribed to the dietary treatments. Eggs were collected three days each week during the experimental period for determination of egg weight. Egg size was below what would be expected with a practical-type diet but it was not influenced by treatment. The treatments appeared to have no effect on body weight gains of hens during the experiment. These results are also shown in Table 3 .
Hens were inseminated twice weekly with pooled semen from White Leghorn males. The data on hatchability and fertility are shown in Table 3 . Although fertility and hatchability were not high, and were somewhat variable, no marked treatment effects could be detected.
The choline content of eggs was mea- sured during the experimental periods.
Eggs from each treatment were collected during the first, sixth, tenth and twelfth weeks of the experiment. All eggs within each treatment were pooled for each time period, homogenized in a Waring Blender, and lyophilized. Only the data for the eggs analyzed during the 12 th week are shown, expressed as mg. of choline per gm. of dried egg contents. Although the eggs from hens fed the basal diet had slightly less choline than the eggs from hens receiving diets supplemented with choline or betaine, the differences were very small. The analyses from eggs collected during the other periods were similar to those shown. The diet in this experiment (A) was found to contain 0.025% choline when analyzed by reineckate precipitation of the choline in an acid hydrolysate of a chloroform-methanol extract of the diet. Thus this diet was not completely free of choline although it was quite low.
A second experiment was conducted using 120 White Leghorn hens of the Kimber strain, which were 21 weeks of age when the experiment began. These pullets were fed commercial rearing diets before they were used for the experiment. The hens were housed in individual cages and fed in groups of five. The groups of hens were completely randomized and were given 8 dietary treatments, with IS hens per treatment. The basal diets B and C (Table 1) were used in this experiment, and consisted of the purified diets containing casein as the source of protein. Two levels of protein were used, 13% and 19%. No detectable choline could be found in these basal diets. The limits of the analysis used indicated that the diets contained less than 0.003% choline. These diets were supplemented with methionine, choline, or methionine + choline at each protein level. Experimental diets were fed for 20 weeks and the data obtained are shown in Table 4 .
The data in this experiment show that hens fed the diet containing 19% protein did not seem to respond to methionine or choline supplementation although the combination of methionine + choline seemed to give better egg production than supplements of either one alone. With diets containing 13% protein, methionine supplementation caused a marked response in egg production but choline supplementation by itself appeared to have no effect. The response to choline + methionine was no greater than that from methionine alone.
The analysis of variance of the egg pro- 1 Fifteen hens were given each dietary treatment. Analysis of variance of the factorially arranged treatments showed that methionine and protein level significantly affected egg production (P <.01) and there was a significant protein-methionine interaction (P <.01) Figures in parentheses represent mortality during experimental period.
2 Figures in parentheses are numbers of eggs studied.
3 Analysis of variance of the f actorially^ arranged treatments showed that methionine (P <.05) and choline (P <.01) significantly affected body weight of hens. Mo interactions were significant. duction data from this experiment showed that there was a significant effect on egg production from protein level and methionine, and that there was a significant protein by methionine interaction. However, there was no significant response from choline, and none of the choline interactions were significant.
All eggs laid during the last 9 weeks of the experiment were collected for determination of egg weight. Egg weights are shown in Table 4 . The data from hens fed the diets containing 19% protein seem to show that choline increased egg size somewhat. This did not seem to be substantiated by the egg weights from hens fed the low protein diets. Since eggs were weighed in groups at each experimental period, statistical analysis of the differences of egg weight in this experiment are not possible.
Body weight changes during the experimental period reflected some of the experimental treatments. There was a significant improvement from choline supplementation on body weight gains of the hens. Choline supplementation of diets for hens containing 19% protein caused considerable weight gain when choline was fed alone or in combination with methionine. Similar results were obtained with the diet containing 13% protein. Choline by itself or in combination with methionine stimulated weight gains compared to gains observed in hens fed the basal diet.
Fertility and hatchability were studied in this experiment and these data are also shown in Table 4 . There appeared to be no consistent effects on fertility and hatchability that could be attributed to choline.
The choline content of eggs in this experiment was determined after the first, ninth and eighteenth weeks of feeding. Only the choline contents of the eggs at the 18th week are shown, since they reflect the results of all of the other samples. None of the treatments had any effect on the choline content of the eggs.
Therefore, in the first two experiments, no consistent improvement in egg production was obtained by supplementing purified diets for hens with choline. The major effect seen with choline supplementation of these diets appeared to be on body weight gain of the hens. Hens not receiving added choline in experiment 2 gained less weight during the experimental period than hens supplemented with choline, whether the diet contained 13 or 19% protein.
These experiments suggested that laying hens have a rather low requirement for choline. However, data from our laboratory and the results of many investigators 1 Refers to period in growth when experimental diets were fed. Thus, chicks fed the experimental diets from 2 to 6 weeks of age were fed a practical chick starter until 2 weeks of age. Those fed the experimental diets from 4 to 8 weeks of age were fed the chick starter until 4 weeks of age. The same pattern was followed for the other ages studied.
2 Each value is mean of 20 chicks for period indicated. 3 Gains of chicks fed deficient diet expressed as % of gains of chicks fed control diet.
showed that young chicks respond markedly to choline supplementation. Thus it was of interest to determine at what age the lack of dependency on dietary choline by growing chicks could be detected. The effect of feeding choline deficient diets to chicks of various ages was investigated in an additional experiment. Four hundred Kimber strain day-old chicks were fed a commercial chick starting diet until the time they were fed experimental diets. Chicks were wingbanded and divided into four groups at each experimental period. Two groups were fed a control diet containing 0.2% choline CI, and the other two groups were fed a choline deficient diet. Each group consisted of 10 male and 10 female chicks. Chicks were assigned to experimental diets at 2, 4, 6, 8, and 16 weeks of age, after having been fed a practical diet until that time. The choline deficient diet was a purified diet containing casein as the source of protein, and is diet D in Table 1 . As the protein requirement of chicks is reduced considerably with age, the protein content of this basal diet was reduced as the chicks became older, so that at 6 and 8 weeks the casein content of the basal diet was reduced to 22%, and at 12 and 16 weeks of age the casein content of the basal diet was reduced to 18%. The glucose in the diet was concomitantly raised. The chicks at each age were fed the control and choline-deficient diets for a period of 4 weeks, except for the groups that were fed the experimental diets at 8 weeks of age. These chicks were fed the experimental diets until they were 20 weeks of age. The results obtained in this experiment are shown in Table 5 .
The data show that chicks fed the experimental diets beginning at 2, 4, or 6 weeks 3 Analysis of variance showed that choline had a significant effect on egg production (P<.05). Differences among liver fat means were detected by Duncan's multiple range test. Means not followed by same letter are significantly different (P<.05).
of age grew at a faster rate if the diet was supplemented with choline. However, if the choline deficient diet was fed beginning at 8 or 16 weeks of age there was no effect of choline supplementation of the basal diets. Thus it appears from this experiment that chicks older than 8 weeks of age did not respond to dietary choline supplementation.
The pullets that were fed the choline deficient and supplemented diets from 8 to 20 weeks of age or the deficient diet from 16 to 20 weeks of age were fed purified laying diets from 20 weeks to 32 weeks of age. The basal diet used was diet B shown in Table 1 supplemented with 0.4% methionine. The data obtained with this experiment are shown in Table 6 .
Hens fed the choline deficient diet from 8 to 20 weeks of age did not respond to choline supplementation of the laying diet. However, those fed the choline deficient diet only from 16 weeks of age, or the choline supplemented diet from 8 to 20 weeks of age, seemed to lay at a greater rate if choline was added to the laying diet. Although there were small numbers of hens used, their overall response in egg production to choline supplementation was statistically significant.
At the end of the experimental period liver fat values were obtained from these experiments. They showed that dietary choline appeared to reduce the liver fat values in hens fed the choline deficient diet from 16 to 20 weeks of age or the choline supplemented diet from 8 to 20 weeks of age. Those that had received the choline deficient diet from 8 to 20 weeks of age did not show elevated levels of liver fat.
These data seem to show that previous rearing treatment affects the response of hens to choline in the laying house. It also suggests that supplemental choline during the rearing period depresses the ability of the hen to synthesize choline to support adequate egg production.
An additional experiment was conducted with a purified diet to test this observation. One hundred and eighty DeKalb strain White Leghorn pullets were fed a commercial chick starter ration until they were 8 weeks of age. They were then selected and randomly assigned to colony cages throughout the rearing period, 10 pullets per cage. At 20 weeks of age, 40 hens from each rearing treatment were selected at random and housed individually for the laying phase of the experiment. Individual egg records were kept during the laying phase and feed records were kept in groups of 5 at this time. During the rearing phase of the experiment each treatment consisted of 6 pens of 10 pullets. At the end of the laying phase of the experiment, livers were analyzed from a sample of 13 hens per treatment and analyzed for total lipids as indicated in the experimental procedures.
The basal diets used in this experiment were purified diets in which casein and gelatin were used as sources of protein. The rearing and laying diets for this experiment are shown in Table 1 as diets E and F. The rearing and laying data for this experiment Laying phase (20 to 38 weeks of age) Rearing treatment Laying diet E, Table 1 Number hens E f (3) 20 (0) 20 (3) 20 (1) are given in Table 7 . The data show that there was no effect from choline supplementation to the basal diet on growth of pullets from 8 to 20 weeks of age, or from 16 to 20 weeks of age. There was no significant effect of choline on egg production regardless of rearing treatment, although those receiving supplemental choline laid somewhat better than those not receiving supplemental choline from the first and third rearing treatment. Liver fat analysis of hens at the end of the laying period showed in each case that those hens receiving the supplemental choline had lower liver fat levels than those hens which did not receive supplemental choline. The largest differences between the choline supplemented and deficient groups occurred in hens that had received the choline deficient basal rearing diet from 8 to 20 weeks of age or from 16 to 20 weeks of age. The overall effect of choline on liver lipid in this experiment was statistically significant.
Results of this experiment were in contrast to those of the previous experiment in which feeding the choline deficient diet during the rearing period seemed to be advantageous, if the choline deficient diet was to be fed during the laying phase of the experiment. While no detectable choline could be found upon extraction of the casein gelatin basal diet, this diet appeared to be less deficient in choline than the basal diet containing casein as the sole source of protein. When a casein gelatin basal diet was fed to growing chicks the choline deficiency was much less severe than was the deficiency observed when only casein was used as the source of protein in the rearing diet. This may mean that there was choline present in the gelatin which could not be extracted by usual methods, or that the gelatin contains some factor which seemed to lower the choline requirement. This has not been investigated further.
The data from experiments with the purified diets showed that small responses in weight gain, egg production and liver fat levels have been obtained in laying hens fed choline deficient diets. In none of these experiments has the response been particularly large, and each response has not been observed in each experiment. There does appear to be a pattern, however, of some responses to choline supplementation of the purified laying diets.
Two additional experiments were conducted with practical type diets to determine the response of hens fed practical type diets to supplemental choline. The first experiment was conducted with 360 White Leghorn hens of the Kimber strain which were fed basal diet G shown in Table  2 , supplemented with levels of methionine, choline and betaine. Each experimental diet was fed to 30 individually housed hens fed in groups of five. The group of five hens was considered the experimental unit throughout the experimental period.
The basal diet contained some isolated soybean protein in an effort to lower the methionine level of the diet somewhat since one of the purposes of this experiment was to determine if dietary choline supplementation could reduce the need for supplemental methionine. Betaine was included for the same reason, to see if a methyl donor could spare the need for methionine. The calculated methionine content of the basal diet was 0.27%. The results of this experiment and the treatment design are shown in Table 8 .
The data show that egg production was good on all diets throughout the experiment. No significant effects were observed from supplementing this diet with methionine, choline or betaine. At the end of the experiment, livers of 10 hens from six of the treatments were taken for analysis to ascertain the influence of methionine, choline and betaine on liver fat levels. The liver fat level found in all treatments was extremely high but there was no significant effect of any of the dietary supplements on liver fat levels in this experiment. Some hens had liver fat levels over 80% of the dry weight of the liver. However, there appeared to be absolutely no correlation between liver fat levels and the eggs laid during the last 46 days of this experiment, even though the liver fat levels were extremely high, particularly in some individual hens.
An additional experiment was conducted using practical type diets in which four pens of 10 DeKalb strain female chicks were fed the basal rearing diet shown in Table 2 , diet H, unsupplemented or supplemented with two levels of dietary choline. At 20 weeks of age 30 hens from each of the rearing treatments were selected and assigned to individual laying cages, fed a practical type diet with or without 0.20% supplemental choline CI. The laying diet used in this experiment is shown in Table  2 , diet 1. Records were kept of egg production, body weight changes, mortality and feed consumption. After 27 weeks the laying phase of the experiment was terminated and liver lipid level was determined in 10 individual livers randomly selected from each treatment. The data obtained from the rearing and laying phases of this experiment are given in Table 9 . These data show that supplementing the basal diet with choline during the rearing period had no effect on weight gain from 8 to 20 weeks of age.
When pullets from these three rearing diets were fed a diet with and without choline supplementation during the laying phase of the experiment, there was no significant effect of choline on egg production or liver fat values. There was some slight reduction in liver fat values in laying hens receiving choline supplementation in each case, but variation in liver fat values was extremely large, and these small differences are not statistically significant.
DISCUSSION
These experiments show that some effects of a choline deficiency can be observed in laying hens. The effects observed were in body weight gain, egg production, and total liver fat level. The effects of the choline deficiency were not observed in each experiment. The rearing treatment appeared to have some effect on the choline deficiency. In one experiment (Table 6) , feeding a choline deficient rearing diet appeared to be beneficial, if a choline deficient laying diet was to be fed. This suggested that feeding supplemental choline during rearing depressed the mechanism for choline biosynthesis in the laying hens. However, with a somewhat different type of purified diet this observation was not confirmed. In the experiment shown in Ta-ble 7, feeding the choline low diet during the rearing period actually seemed to result in a greater degree of choline deficiency in laying hens than if rearing diets supplemented with choline were used.
When a practical type rearing and laying diet was fed, there was no effect of choline in either the laying or the rearing period ( Table 9) .
These experiments confirm the contentions of Lucas et al. (1946) and of Ringrose and Davis (1946) that laying hens must be able to synthesize considerable amounts of choline. For example, in the experiment reported in Table 4 , hens fed the low choline diet containing 19% protein laid eggs weighing 52 grams. If this egg contains about 12 grams of dry egg contents containing 12.6 mg. of choline per gram, the total egg contained about ISO mg. of choline. Egg production was 59.2% for the whole experiment, so that 89 mg. of choline per day would be needed just for egg production. Since no choline could be detected in the diet, the hens were essentially in 89 mg. negative choline balance per day. This probably is made up by biosynthesis. This biosynthesis must not be completely sufficient, however, since some effects of a choline deficiency in the hen could be demonstrated.
No estimate was made of the choline requirement of hens in these experiments. The small responses to supplemental choline suggest that the additional dietary choline required was small.
No response to choline was obtained with any of the practical diets studied, even when the methionine content of the diet was marginal. In the experiment shown in Table 8 , egg production was nearly 70% for the year, with a methionine content of the diet estimated to be 0.27%. The high feed consumption (about 110 gm./day) gave a methionine intake of nearly 0.3 gm.
per day, which apparently was enough in this experiment.
Choline deficient hens had an elevated liver fat content. However, the levels of fat in livers of choline deficient hens were lower than those found in hens dying from liver hemorrhages from very fatty livers . No losses from liver hemorrhage were observed in any of these experiments. No effect on liver fat content was observed when practical-type diets were supplemented with choline.
Eggs laid by choline deficient hens did not have a reduced content of choline. This confirms the studies of Ringrose and Davis (1946) and more recent observations of Crawford and Griffith (1968) .
The ease with which a choline deficiency can be produced in young chicks in contrast to laying hens suggests that choline biosynthesis functions better in laying hens than in young chicks. Since no choline deficiency was produced in pullets fed choline low diets after 8 weeks of age, the growing pullet probably becomes more efficient at choline biosynthesis, with age. The nature of these age effects on choline biosynthesis in growing chickens needs further investigation. The somewhat conflicting results obtained when practical rations for laying hens are supplemented with choline suggest that biosynthesis of choline can be influenced by factors not readily understood which may result under some circumstances in a need for dietary choline.
SUMMARY
In experiments in which laying hens were fed purified laying diets very low in choline, supplemental choline improved body weight gain, egg production, and decreased liver fat content, although these effects were not observed in all experiments.
In one experiment, feeding supplemental choline during the rearing period seemed to increase the need for choline during the subsequent laying period. This observation was not confirmed in an additional experiment in which a different purified diet was used, or when a practical diet was fed.
No response from choline supplementation of practical rearing or laying diets was observed.
No response to choline was observed in pullets beyond 8 weeks of age although at younger ages they responded to supplemental choline.
Based on the choline content of eggs produced when choline-free diets were fed, hens were apparently able to synthesize considerable choline for egg production.
